INTRODUCTION
The ATLAS [1] and CMS [2] collaborations have now combined their analysis, which leads to the mass of the reported resonance as [3] m h = 125.09 ± 0.21(stat) ± 0.11(syst) GeV.
The properties of the discovered state are consistent with the properties of the standard model (SM) Higgs boson. Nevertheless, this discovery opens up the possibility of searches for new physics beyond the standard model. Since the Higgs sector suffers from the problems of naturalness and hierarchy, a light Higgs boson is technically unnatural in standard model. Supersymmetry (SUSY) [4] is at present the leading candidate for physics beyond the SM in which a light Higgs boson, as discovered at the CERN LHC, is technically natural. The simplest implementation [5, 6] of the idea of supersymmetry at weak scale is the minimal supersymmetric standard model (MSSM). In MSSM the Higgs sector is more complex than the SM Higgs sector, and consists of two Higgs doublet superfields (H 1 and H 2 ).
After gauge symmetry breaking the physical Higgs sector consists of two CP -even Higgs bosons (h 0 , H 0 ; m h 0 < m H 0 ), one CP -odd Higgs boson (A 0 ), and two charged states (H ± ).
Although gauge invariance and supersymmetry fix the quartic couplings of the Higgs bosons in the MSSM in terms of the SU(2) L and U(1) Y gauge couplings, g and g ′ , respectively, there remain two independent parameters that describe the Higgs sector of the MSSM.
These are conveniently chosen to be the mass of the CP -odd Higgs boson (m A 0 ), and the ratio of the vacuum expectation values of the neutral components of the two Higgs fields, tan β ≡< H 0 2 > / < H 0 1 >. All the Higgs boson masses and the Higgs couplings in the MSSM can, then, be described, at the tree level, in terms of these two parameters. Discovery of more than one Higgs boson will, thus, be an indication of an extension of the SM, SUSY being the most favored candidate. It is, therefore, important to try to discover an extended Higgs sector, if it exists, at the LHC. On the other hand it is also crucial to discover the supersymmetric partners of the SM particles, including the squarks, gluinos and sleptons, as well as the neutralinos and charginos.
In the absence of any signal for supersymmetric partners of the SM particles, it is appropriate to ask the question whether nonobservation of an extended Higgs sector would imply that the new physics is at a much higher energy scale. This question is related to the decay patterns [7] [8] [9] of the Higgs bosons of MSSM. This in turn is dependent on the Higgs couplings in the MSSM, and their deviation from the corresponding SM Higgs couplings.
Apart from the couplings of Higgs bosons to the SM particles, which can be different from those of the corresponding SM Higgs couplings, the trilinear Higgs couplings can be very different in MSSM as compared to the SM trilinear Higgs coupling.
The measurement of the trilinear Higgs couplings [10] [11] [12] [13] [14] [15] is an important step in the reconstruction of the Higgs potential, and thereby confirm the Higgs mechanism as the origin of the spontaneous breaking of the gauge symmetries in the SM (and in MSSM). As explained above, the tree level Higgs sector of the MSSM is described by only two parameters (m A 0 and tan β). At the tree level the trilinear Higgs self couplings of the MSSM can also be described in terms of the same two parameters. In this paper we consider the question of measurement of the trilinear Higgs couplings in the MSSM at a high energy electron-positron collider in the light of the observation of the Higgs boson at the CERN LHC, which we identify with the lightest Higgs boson of the MSSM.
The plan of this paper is as follows. In Section II we recall the basic features of the Higgs sector of the minimal supersymmetric standard model and discuss the implications of the 125 GeV Higgs identification for the mass of the heavier Higgs boson (H 0 ) of the model, especially its dependence on the parameter space of the MSSM. In Section III we summarize the tree level as well as radiatively corrected trilinear Higgs couplings in the MSSM and discuss their dependence on the different parameters. In Section IV, we estimate the crosssection for different heavy Higgs production processes and discuss its branching ratios to light Higgs pair in the MSSM parameter space. In Section V we highlight the regions in the (m A 0 , tan β) plane where some of the MSSM Higgs trilinear couplings can be measured. In
Section VI we summarize our results and conclusions.
II. THE HIGGS SECTOR OF THE MINIMAL SUPERSYMMETRIC STANDARD

MODEL
To begin with, and to have a proper perspective, we recall that the potential for the physical Higgs boson in the SM can be written as
where 
Higgs sector can be written as
In the numerical calculations of the Higgs boson mass, we shall take into account the one-loop and leading two-loop radiative corrections [16] [17] [18] [19] [20] [21] . We shall identify the lightest CP -even The nondecoupling scenario has also been explored recently in context of LHC 8 TeV data [28] . But as far as measurement of MSSM Higgs bosons trilinear coupling is concerned, the decoupling scenario is a more viable scenario. Therefore, in the following we shall consider only the MSSM with decoupling scenario while discussing the trilinear Higgs couplings. The nondecoupling scenario is discussed in some detail in [8] .
In order to identify the state observed at the CERN LHC with the lightest Higgs boson of the MSSM, we shall adjust the supersymmetry breaking soft trilinear parameter A t so as to get m h 0 in the range 122-128 GeV, corresponding to a 3 GeV theoretical uncertainty in the Higgs mass calculations. Having fixed m h 0 , we have performed a numerical scan of the MSSM parameter space using CalcHEP [29] which uses SuSpect [30] for MSSM spectrum calculations. SuSpect checks the stability of potential and calculates the spectrum only Table I . For the considered range of µ, A t does not change much. For M S =1.5 TeV, typical range of A t is 2500-4000 GeV depending on tan β.
III. TRILINEAR HIGGS BOSON COUPLINGS IN THE MINIMAL SUPERSYM-METRIC STANDARD MODEL
We now discuss the question of the measurement of trilinear couplings of the neutral
Higgs bosons (h 0 , H 0 ) of the minimal supersymmetric standard model. These couplings receive contributions at the tree level as well as from radiative corrections. We shall assume CP conservation throughout in this paper. Then the trilinear couplings can be written as [31] 
where λ 0 's are the tree level values of the couplings, and ∆λ's are the radiative corrections.
In this paper we shall consider the one-loop approximation for the radiative corrections to the trilinear Higgs couplings. The leading two loop SUSY-QCD corrections to the trilinear couplings are available in the literature [32] which reduces the scale dependence of one-loop corrections but the contribution is very small as compared to the one-loop corrections. The tree-level couplings in units of ( 
where α is the mixing angle in the CP-even Higgs sector, which can be obtained from the diagonalization of mass matrix (5), as shown in (6) . The radiative corrections ∆λ's in (7) are summarized in the Appendix.
We note that the Higgs sector depends on five parameters in the MSSM, m A 0 and tan β from tree level mass matrix, and three parameters A t , µ and M S from radiative corrections.
Of these M S is fixed from nonobservation of colored particles to be greater than 1. 
IV. HIGGS PRODUCTION ANALYSIS
We now consider the different processes at an e + e − collider which can be used for the measurements of the trilinear Higgs couplings λ hhh and λ Hhh in the MSSM. These processes involve production of multiple Higgs bosons, to which we now turn. 
Multiple light Higgs bosons (h
Notice that this decay is kinematically forbidden in the non decoupling regime. The crosssections for the Higgs-strahlung and associated production with CP-odd Higgs boson can be written as [11-13, 33, 34] 
where λ i is the phase-space function, which corresponds to λ(m and v e = 4 sin 2 θ W − 1, a e = −1 are the Z boson-electron couplings.
On the other hand resonant W W fusion cross-section for the light Higgs pair production can be written as [11] [12] [13] σ(e + e − → Hν e ν e ) = G
where
F (x, y) = 2x
The multiple Higgs production through non resonant W W → hh proceeds via the diagrams shown in the Fig. 5 . The non-resonant fusion W W → hh cross-section in the effective W W approximation can be written as where τ = 4m
andσ W W (x) can be written as [11] [12] [13] 
and the exact forms of g i (i=0,..5) functions can be found in [11] [12] [13] . We note that there can be sizable deviations of the effective W W approximation from the exact result. However, we shall use this approximation as an estimate in this paper. The off-shell Z boson decay
is another mechanism of hh production. Feynman diagrams for this process are shown in Fig. 6 , and the cross-section is given by [11] [12] [13] dσ(e + e − → Zhh)
where x 1,2 = 2E 1,2 / √ s are the scaled energies of the Higgs particles, x 3 = 2 − x 1 − x 2 for the scaled energy of the Z boson, and y k = 1 − x k . Also, µ i = m 2 i /s denotes the scaled squared masses of various particles: and
andμ Z = (m 2 Z + im Z Γ Z )/s, which takes care of the widths. The Higgs self-couplings λ Hhh and λ hhh occur only in the function a, Eq. (27) . The coefficients f and g do not involve any Higgs couplings and can be written as 
The production cross-section for e + e − → Ah can be written as σ(
and decay width for A → hZ is given by
We note that the Feynman diagrams shown in Fig. 7 will lead to hhh final state through A → hZ decay, whereas we are interested in final states having hh final state.
In Fig. 8 we show the cross-section for e + e − → HZ, HA, Hνν, (Fig.4) , Ah ( Fig. 6(d) ) as a function of m H 0 for different values of √ s and tan β. The heavy Higgs production with CP-odd Higgs is the dominant production channel for m H 0 ≤ 250 GeV. We can see that (σ(e + e − → Ah))/2 is of order of σ(e + e − → ZH) and σ(e + e − → Hνν).
In Figs. 9 and 10, we show the branching fractions of heavy Higgs and pseudoscalar to different channels respectively for tan β = 5, 10. In this paper we have also considered supersymmetric particles in the final states, consistent with current experimental constraints.
All the SUSY particles have masses ≈ M S except neutralinos and charginos. The neutralinos and charginos mass spectrum depends on the supersymmetry breaking gaugino mass parameters M 1 and M 2 as well as µ and tan β. We recall that the chargino mass lower bounds from the LEP experiment imply [35] |µ|, M 2 ≥ 100 GeV.
We shall confine ourselves to the scenario where supersymmetry breaking gaugino masses 1, 2, 3 ) are equal at the grand unified scale. In this case the renormalization group evolution of M i implies M 1 ≈ 0.5 M 2 at the weak scale. We shall consider the parameter space consistent with these constraints. We have plotted the H and A branching fractions for two benchmark values of µ, M 1 and M 2 . The neutralino and chargino mass spectrum for the benchmark points is given in Table II . The second benchmark point has comparatively heavy spectrum. We observe that for m A 0 ≈ m H 0 ≥ 500 GeV, neutralino and chargino are the dominant decay modes of both H and A, for a light neutralino and chargino spectrum. If these are heavy then tt is the dominant decay channel for low values of tan β. In case of H decay, below tt threshold both bb and hh have appreciable branching fractions. For large tan β and heavy neutralino and chargino spectrum, bb is the dominant decay mode of the heavy Higgs boson as shown in Fig.   9 (d). Our aim is to study BR(H → hh) and BR(A → hZ), since the former involves the Higgs trilinear coupling and latter is background for multiple Higgs production processes.
We can see from has to study non-resonant multiple Higgs production cross-section to measure λ hhh coupling.
V. MEASUREMENT OF TRILINEAR HIGGS COUPLINGS
In this Section we will compute the regions of (m A 0 ,tan β) plane where trilinear couplings λ Hhh and λ hhh can be measured. We calculate the heavy Higgs production cross-section of events seen will be lowered by the efficiencies. The simulations of signal and background will depend on the detector sensitivity which is not the focus of this paper.
The hhν eνe final state produced through non-resonant W W fusion involves both λ hhh and λ Hhh coupling. Having an estimate of the coupling λ Hhh from resonant W W production process, we can use non-resonant W W fusion process to measure the trilinear λ hhh coupling. In In Fig. 8 we have plotted the cross-section for the background process e + e − → Ah and BR (A → hZ) in Fig. 10 . Since BR (A → hZ) is negligible this process will be suppressed for the considered parameter space. Also this kind of background events can be easily distinguished from the signal events by just looking at the hh pair invariant mass distribution which will resonate in case of signal process.
VI. CONCLUSIONS
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VIII. APPENDIX
In this Appendix we summarize the one-loop radiative corrections to the trilinear Higgs couplings in the MSSM [11] [12] [13] 31] . The radiative corrections, in units of ( 
